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(54) Ink let printhead assembly 

(57) An ink jet printhead assembly for jetting a sup- 
ply of ink onto a print medium. A printhead tncludes a 
substrate (16) and a plurality of heater elements (18) 
mounted on the substrate. A nozzle plate (14) is at- 
tached to the printhead. The nozzle plate and/or sub- 
strate includes an ink feed channel (24) and a plurality 
of ink chambers (28). The nozzle plate includes a plu- 



rality of ink emitting orifices (20) and a plurality of non- 
emitting orifices (22). Each ink emitting orifice is asso- 
ciated with a respective one of the ink chambers and is 
positioned adjacent to a respective one of the heater el- 
ements. Each ink chamber Is in fluid communication 
with the ink feed channel at a first fluid port (30) and in 
fluid communication with a respective one of the non- 
emitting orifices at a second fluid port (32). 
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Description 

The present invention relates loan ink jet printhead 
assembly for use in ink jet printers, and, more particu- 
larly, to an ink jet printhead assembly including a nozzle 5 
plate with a plural ity of ink emitting orifices and a plurality 
of non-emitting orifices. 

An ink jet printer typrcally includes an ink jet print- 
head assembly having a nozzle plate which is mounted 
in spaced apart relationship to a printhead. The nozzle io 
plate includes a plurality of ink emitting orifices which 
are respectively disposed in association with a plurality 
of heater elements nrx>unted on the printhead. When a 
particular heater element Is actuated or fired, ink dis- 
posed adjacent thereto rapidly expands to fonm a vapor is 
bubble. Ink is expelled through the orifice by the bubble 
and is jetted onto the print medium. 

A problem which sometimes occurs when utilizing 
a printhead assembly as described above is commonly 
referred to as 'cross-talk'. In particular, the nozzle plate 20 
is disposed in spaced apart relationship to the printhead, 
whereby each orifice is disposed in direct fluid commu- 
nication with an adjacent orifice. The expansion of ink 
between the nozzle plate and printhead caused by ac- 
tuating one or more heater elements may, in the worst 2S 
case, cause jetting of ink from a non-fired orifice. Such 
"cross-talk" may result in a random sprinkling of ink 
droplets superimposed onto the printed text, which is 
obviously not desirable. 

One known solution which is used to inhibit cross- 30 
talk involves the use of mechanical barrier walls which 
extend between the nozzle plate and printhead and are 
disposed between the ink emitting orifices. The barrier 
walls prevent expanding fluid which occurs upon actu- 
ation of a heater element from travelling toward an ad- 3S 
jacent orifice. 

Another known solution which is used to prevent 
cross-talk involves the use of a plurality of non-emitting 
slots which are formed in the nozzle plate. Each non- 
emitting slot is in the fonm of an elongated slot associ- 4C 
ated with a plurality of ink emitting orifices. The nozzle 
plate is merely disposed In spaced apart relationship to 
the printhead and no barrier walls or ether flow inhibiting 
structures extend between the nozzle plate and print- 
head. Each ink emitting orifice is therefore in direct fluW ^ 
communication with an adjacent ink emitting orifice. The 
elongated slots are intended to absorb the expansion 
and contraction of the ink upon firing of a heater element 
to prevent propagation of fluid surges to adjacent ink 
emitting orifices, and thereby inhibit cross-talk between so 
the ink emitting orifices. 

Another problem with a conventional printhead as- 
sembly as described above is that upon firing of a par- 
ticular heater element, the fluid dynamics within the as- 
sociated ink emitting orifice are such that a certain min- ss 
imum time must elapse before the corresponding heater 
element can be fired again. To wit. when a particular 
heater element is fired, ink which is in the associated 



orifice is jetted therefrom onto the print medium, thereby 
leaving a void or zone of low pressure. The supply of ink 
between the nozzle plate and printhead rushes into the 
evacuated ink emitting orifice to fill the same. The in- 
flowing ink momentarily overfills the orifice and then 
drops back such that the orifice is slightly underfilled. 
This sets up an oscillation which takes a certain amount 
of time to settle down. 

Accordingly, a perk>d of time is required before the heat- 
er element can again be actuated, referred to as the 
'settling time". 

The above-mentioned known structures whksh are 
utilized for preventing cross-talk between ink emitting 
orifices are not effective to reduce the settling time of a 
particular fired heater element and associated ink emit- 
ting orifice. Such designs are merely intended to absorb 
fluid propagation between adjacent ink emitting orifices 
formed in the nozzle plate. 

What is needed in the art is a printhead assembly 
which reduces the settling time in each ink emitting ori- 
fice after ink is jetted therefrom, thereby enabling a fast- 
er printing speed. 

The present invention provides a printhead assem- 
bly having a nozzle plate with a plurality of non-emitting 
orifices whkih are respectively disposed in direct fluid 
communication with one of a plurality of ink emitting or- 
ifices. 

In one form thereof the invention provkies an ink jet 
printhead assembly for jetting a supply of ink onto a print 
medium. A printhead includes a substrate and a plurality 
of heater elements mounted on the substrate. A nozzle 
plate is attached to the printhead. The nozzle plate and/ 
or substrate includes an ink feed channel and a plurality 
of ink chambers. The nozzle plate includes a plurality of 
ink emitting orifices and a plurality of non-emitting ori- 
fices. Each ink emitting orifice is associated with a re- 
spective one of the ink chambers and is positioned ad- 
jacent to a respective one of the heater elements. Each 
ink chamber is in fluid communicalran with the ink feed 
channel at a first fluid port and in fluid communication 
with a respective one off the non-emitting orifices at a 
second flukj port. 

An advantage of the present invention, at least in 
its preferred forms, is that the settling time associated 
with each ink emitting orifice in the nozzle plate is sub- 
stantially reduced, thereby alkswing a faster printing 
speed. 

An emtxxJiment of the invention will now be de- 
scribed by way of example and with reference to the ac- 
companying drawings, in which :- 

Fig. 1 is a fragmentary perspective view of an em- 
bodiment of an ink jet printhead assembly off the 
present invention; 

Fig. 2 is an enlarged fragmentary view of a portion 
of a nozzle plate shown in the printhead assembly 
of Fig. 1 : 

Fig. 3 is a sectkjnal view taken along line 3-3 in Fig. 
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1; and 

Fig. 4 is a graphical illustration of the settling timos 
of an embodinnent of an ink jet printhead assembly 
of the present invention in comparison with a con- 
ventional ink jet printhead assembly. 

Referring now to the drawings, and more particular- 
ly to Fig. 1 , there is shown an embodiment of an ink jet 
printhead assembly 10 of the present invention for jet- 
ting a supply of ink onto a print medium (not shown). Ink 
jet printhead assembly 10 is mounted in known fashion 
to an Inkjet cartridge or pen (not shown), and generally 
includes a printhead 12 and a nozzle plate 14. 

Printhead 12 (Figs. 1 and 3) includes a substrate 1 6 
and a plurality of heater elements 18 mounted thereon. 
In the embodiment shown, substrate 16 is in the form of 
a silicon strip, although other types of materials may be 
used. Moreover, in the embodiment shown, heater ele- 
ments 1 8 are in the form of a hafnium diboride or tanta- 
lum-aluminum resistor, although other types of heater 
elements may likewise be used. 

Nozzle plate 14 (Figs. 1-3) is attached to printhead 
12, such as by an adhesive. Nozzle plate 1 4 includes a 
plurality of ink emitting orifices 20 and a plurality of non- 
emitting orifices 22. Each ink emitting orifice 20 is dis- 
posed in fluid communicaton with the supply of ink (to 
be described hereinafter), and is positioned adjacent lo 
a respective one of heater elements 18. Each non-emit- 
ting orifice 22 is disposed only in direct fluid communi- 
cation with a respective one of ink emitting orifices 20 
(as will be described hereinafter). The dtmenskxis of 
each ink emitting orifice 20 and non-emitting ortfice 22 
(as well as the other structural features of nozzle plate 
14) are dependent upon the specific applcatbn with 
which nozzle plate 14 is used. For example, the dimen- 
sions of each ink emitting orifice 20 and non-emitting 
orifice 22 wilt vary dependent upon the resolution of the 
particular printer application. The dimenskxis set forth 
hereinafter corresponding to structural features of noz- 
zle plate 1 4 correspond to a printer resolution of 600 dpi, 
although other printer resolutions are also possible. In 
the embodiment shown, each ink emitting orifice 20 has 
a diameter of between approximately 10 and 60 mi- 
crons, and preferably between approximately 20 and 50 
microns, and more preferably is approximately 29 mi- 
crons. Moreover, in the embodiment shown, each non- 
emitting orifice 22 has a diameter of between approxi- 
mately 20 and 80 microns, and preferably between^ap- 
proximatety 30 and 60 microns, and nnore preferably is 
approximately 39 microns. 

Nozzle plate 14 is configured to include an ink feed 
channel defined by a primary ink feed channel 24 and 
a plurality of branching ink feed channels 26. Each 
branching ink feed channel 26 is disposed in fluid com- 
munication with a respective one of ink emitting orifices 
20. That is. branching ink feed channels 26 extend be- 
tween and fluidly connect primary ink feed channel 24 
with ink emitting orifrces 20, respectively. In the embod- 



iment shown, primary ink feed channel 24 is fluidly con- 
nected with the supply of ink contained within the ink jet 
cartrkige to which ink jet printhead assembly 10 is at- 
tached. Primary ink feed channel 24 and branching ink 
5 feed channels 26 are preferably formed in nozzle plate 
14 using an excimer laser photoablation process. In the 
embodiment shown, primary ink feed channel 24 and 
branching ink feed channels 26 preferably have a depth 
(i.e., extending perpendicular to the drawing of Fig. 2) 
to of between approximately 1 0 and 50 microns; and pref- 
erably between approximately 20 and 30 microns; and 
more preferably approximately 24 microns. Moreover, 
in the embodiment shown, branching ink feed channels 
26 preferably have a width (i.e., extending perpendicular 
fs to the drawing of Fig. 3) of between approximately 10 
and 50 microns, and more preferably 25 microns; and a 
length (i.e., extending in the flow direction through 
branching ink feed channels 26) of between 5 and 100 
microns, and preferably approximately 60 mkirons. 
20 Nozzle plate 14also Includes a plurality of Inkcham- 
bers 28 which are respectively associated with ink emit- 
ting orifices 20. Each ink chamber 28 is disposed in fluid 
communication with a respective branching Ink feed 
channel 26 at a first flukS port 30, and in fluid communi- 
25 cation with a respective one of non-emitting orifices 22 
at a second fluid port 32. In the-emt>odiment-shown, 
each inkchamber28hasdimensk3nsof 51 x 51 microns, 
with a depth of approximately 24-microns. 

Each ink chamber 28 is fluidly connected with an 
30 associated non-emitting orifice 22 via a respective 
throat 34 formed in nozzle plate 14. Each throat 34 thus 
indirectly connects one of ink emitting orifkies 20 with a 
respective one of rK5n-emitting orifices 22. In the embod- 
iment shown, each throat 34 has a width of approximato- 
rs ly 10 microns (i.e., in a directron perpend kjular to the 
drawing of Fig. 3); a length of approximately 10 mterons 
(i.e., in the flow direction through throat 34); and a depth 
of between approximately 10 and 50 mrcrons, and pref- 
erably between approximately 20 and 30 microns, and 
40 nioro preferably is approximately 24 microns (I.e.. in a 
direction perpendteular to the drawing of Fig. 2) . 

During use, ink flows from the tnk jet cartridge and 
into primary ink feed channel 24. The ink also flows 
through each of branching ink feed channels 26. For 
45 ease of discussfon, the operation through only one 
branching ink feed channel 26, ink emitting orifice 20 
and associated non-emitting orifice 22 will be discussed. 
To witrink flows through branching ink feed channel 26 
and into an ink chamber 28 disposed adjacent to an as- 
so sociated ink emitting orifice 20. Ink also fkaws from ink 
chamber 28 and into non-emitting orifice 22 via throat 
34. During a steady state condition of inoperation, the 
ink is disposed within ink emitting orifice 20 and non- 
emitting oriflce 22 at a particular predetermined level. 
5S upon firing of heater element 18, the ink disposed ad- 
jacent thereto rapkJfy expands and is jetted from ink 
emitting orifice 20. This causes an area of k>w pressure 
within ink chamber 28 and ink emitting orifice 20. This 
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low pressure causes ink to be drawn into ink chamber 
28 through both branching channel 26 and throat 34. 
This sinnultaneous flow of ink through first fluid port 30 
and second fluid port 32 into ink chamber 28 rapidly fills 
ink chamber 28 and ink emitting orifice 20 to a desired 
volume. Moreover, as ink is drawn from non-em rtting or- 
ifice 22 into ink chamber 28 and ink emitting orifice 20 
by the low pressure created therein, the capillary force 
within non-emitting orifice 22 serves to counteract the 
force created by the tow pressure within ink chamber 28 
and ink emitting orifice 20. Additionally, the simultane- 
ous flow of ink into ink chamber 28 from non-emitting 
orifice 22 and branching ink feed channel 26 results in 
fluid mixing and flow in opposite directions within ink 
chamber 28. It is thus probable that the reduction in set- 
tling time which is provided by the present invention is 
a result of simultaneous flow of ink into ink chamber 28; 
the capillary force within non-emitting orifice 22 which 
opposes the vacuum pressure within ink chamber 28; 
and the mixing of ink within ink chamber 28. 

Referring now to Fig. 4, there is shown a graphical 
illustration of the improvement in settling time ot ink jet 
printhead assembly 10 of the present invention in com- 
parison with a conventtonal Inkjet printhead assembly. 
Curve 36 illustrates the volume of ink within an ink emit- 
ting orifice or nozzle of printhead assembly 10 of the 
present invention; and curve 38 illustrates a volume of 
ink within an ink emitting orifice or nozzle of a conven- 
tional printhead assembly. Ihe horizontal axis repre- 
sents the time in microseconds after a particular heater 
element is fired. The vertcal axis represents the volume 
of ink within the ink emitting orifice or nozzle. The nozzle 
volume has been normalized such that the value 1.0 
represents a partrcular desired level of ink within the ink 
emitting orifice or nozzle. 

Referring first to curve 38, it nr^y be seen that after 
the heater element is fired, the volume of ink reaches 
approximately 1 .4 times the desired volume of ink, indi- 
cated by overfill condition 40. This occurs between 100 
and 200 microseconds after the healer element is fired. 
Thereafter, the volume of ink within the nozzle subsides 
such that an underfill condition exists, as indicated by 
reference number 42. This underfill condition 42 occurs 
between 200 and 300 microseconds. It is thus apparent 
by observing the amplitude of the curve both above and 
betow the desired Ink volume of 1.0 that a substantial 
oscillatton occurs upon firing of a heater element The 
settling time of the=ink jet-printhead-assembly=corre- 
sponding to curve 38 is thus greater than approximately 
300 mk^roseconds. 

Cuwe 36 illustrates the significantly improved set- 
tling time utilizing an ink jet printhead asseotbly of the 
present Inventfon, such as printhead assembly 10 
shown in Figs. 1-3. The volume of ink within the nozzle 
reaches the normalized volume of 1.0 quicker than a 
conventtonal printhead assembly and has a significantly 
reduced amplitude above the normalized volume when 
an overfill condition occurs, as indicated by reference 



number 44. Similariy, the subsequently occurring under- 
fill condition occurs at a much eariier point in time and 
has a significantly reduced negative amplitude in com- 
parison with a conventtonal printhead assembly, as in- 
5 dk;ated by reference number 46. The settling time for 
cun/e 36 is thus approximately 150 mk;roseconds (or 
about 150 microseconds less than the settling fime of 
curve 38). 

Referring now to Fig. 5, another embodiment of a 
10 nozzle plate 50 of the present invention is shown. Noz- 
zle plate 50 includes a primary ink feed channel 52, 
branching ink feed channels 54, ink chambers 56 and 
ink emitting orifices 58. similar to the respectively named 
elements shown in nozzle plate 14 of Fig. 2. However, 
IS in contrast with the embodiment of nozzle plate 14 
shown in Fig. 2. nozzle plate 50 includes a non-emitting 
orifice 60 which is disposed in direct flukJ communica- 
tion with a plurality (i.e., two) ink emitting orifices 58. 
More particularly, non-emitting orifice 60 is directly flu- 
20 idly connected to the two ink emitting orifices 58 via 
throats 62. 

In the embodiments of the present invention shown 
in the drawings, the substrate of the printhead and/or 
the nozzle plate are configured to define the ink feed 

2S channel, plurality of ink chambers and plurality of 
throats: However, it is also to be understood that the ink 
feed channel, plurality of ink chambers and/or plurality 
of throats may be defined in a barrier layer distinct from 
and interposed between the nozzle plate and substrate. 

30 Such a barrier layer is intended to fall within the scope 
of the present inventton, and may merely be viewed as 
a part of or extensions of the nozzle plate and/or sub- 
strate. 



Claims 

1. An ink jet printhead assembly for jetting a supply of 
ink onto a print medium, comprising: 



40 



a printhead including a substrate (1 6) and a plu- 
fBlity of heater elements (18) mounted on said 
substrate; and 

a nozzle plate (14) attached to said printhead, 
^ saw nozzle plate including a plurality of ink 

emitting orifices (20) and a plurality of non-emit- 
ting orifices (22). each said ink emitting orifice 
being disposed in fluid communication with the 
supply of ink and posit toned adjacent to a re- 
^ spective one of sato heater elements, and each 

sakJ non-emitting orifice being disposed only in 
direct fluid communicatton with one or more of 
sato ink emitting orifices. 

ss 2, An assembly as claimed in Claim 1. wherein each 
sakj Ink emitting orifice (20) has a diameter of be- 
tween approximately 20 and 30 microns, and each 
sakj non-emitting orifice has a diameter of between 
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approximatefy 30 and 40 microns. 

3. An assembly as claimed in Claim 1 or 2, wherein at 
least one of said nozzle plate (14) and said sub- 
strate (16) at least in part defines a plurality of 
throats (34), each said throat fluidly connecting one 
of said ink emitting orifices (20) with a respective 
one of said non-omitting orifices (22). 

4. An assembly as claimed in Claim 3, wherein said 
nozzle plate (14) includes said plurality of throats 
(34). 

5. An assembly as claimed in Claim 3 or 4. wherein 
each said throat (34) has a width of approximately 
1 0 microns. 

6. An assembly as claimed in Claim 5, wherein each 
said throat (34) has a length of approximately 10 
microns. 

7. An assembly as claimed in any of Claims 3 to 6, 
wherein each said throat (34) has a selected depth 
of between approximately 10 and 50 microns. 

8. An assembly as claimed in Claim 7, wherein each 
said throat (34) has a selected depth of between 
approxinnately 20 and 30 microns. 

9. An assembly as claimed in any preceding Claim, 
wherein at least one of said nozzle plate (14) and 
said substrate (16) at least in part defines an ink 
feed channel (24). each said ink emitting orifice (20) 
being disposed in fluid communicatkan wrth sakJ ink 
feed channel. 

10. An assembly as claimed in Claim 9, wherein said 
nozzle plate (14) includes said ink feed channel 
(24). 

11. An assembly as claimed in Claim 9 or 10. wherein 
sakJ Ink feed channel comprises a prinnary ink feed 
channel (24) and a plurality of branching ink feed 
channels (26), each said branching ink feed chan- 
nel being disposed in fluid confvnunication with a re- 
spective one of said ink emitting orifices (20). 

12. An assembly as claimed in any of Claims 9 to 11, 
wherein said ink feed channel (24) has a selected 
depth of between approximately 10 and 50 microns. 

13. An assembly as claimed in Claim 12, wherein said 
ink feed channel (24) has a selected depth of be- 
tween approximately 20 and 30 microns. 

1 4. An ink jet printhead assembly for jetting a supply of 
ink onto a print medium, comprising: 



a printhead including a substrate ( 1 6) and a plu- 
rality of heater elements (18) mounted on said 
substrate; and 

a nozzle plate (14) attached to said printhead, 
5 at least one of said nozzle plate and sakj sub- 

strate Including an ink feed channel (24) and a 
plurality of ink chambers (28), said nozzle plate 
including a plurality of ink emitting orifices (20) 
and a plurality of non-emitting orifices (22). 
each saki ink emitting orifice being associated 
with a respective one of said ink chambers and 
positioned adjacent to a respective one of saki 
heater elements, each said ink chamber being 
in fluid communicatk>n with sakJ ink feed chan- 
ts nel at a first fluid port (30) and in flukJ commu- 
nk^ation with a respective one of sakJ non-emit- 
ting orifices at a second fluid port (32). 

15. An assembly as claimed in Claim 14, wherein saki 
20 ink feed channel comprises a primary ink feed chan- 
nel (24) and a plurality of branching ink feed chan- 
nels (26). each saki branching ink feed channel be- 
ing disposed in direct fluid communication with a re- 
spective one of said ink chambers (28). 

2S 

16. An assembly of Claim 14, wherein each said ink 
emitting orifice (20) has a diameter of between ap- 
proximately 20 and 30 microns, and each said non- 
emitting orifice (22) has a diameter of between ap- 

30 proximately 30 and 40 microns. 

17. An assembly as claimed in any of Claims 14 to 1 6, 
wherein at least one of said nozzle plate (14) and 
sakJ substrate (16) includes a plurality of throats 

35 (34), each said throat extending between a non- 
emitting orifice (22) and a respective said second 
flukl port (32). 

18. An assembly as claimed in Claim 17, wherein said 
4C nozzle plate (14) includes saki plurality of throats 

(34). 

19. An assembly as claimed in Claim 17 or 18. wherein 
each said throat (34) has a width of approximately 

^ 10 mterons. 

20. An assembly as claimed in Claim 1 9, wherein each 
sakj throat (34) has a length of approximately 10 
microns. 

so 

21. An assembly as claimed In any of Claims 17 to 20, 
wherein each said throat (34) has a selected depth 
of between approximately 10 and 50 microns. 

55 22. An assembly as claimed in Claim 21 , wherein each 
saki throat (34) has a selected depth of between 
approximately 20 and 30 microns. 
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23. An assembly as claimed in any of Claims 14 to 22, 
wherein said nozzle plate (14) includes said ink feed 
channel (24) and said plurality of ink chambers (28). 

24. An assembly of Claim 23, wherein said ink feed 
channel and said plurality of Ink chambers have a 
selected depth of between approximately 1 0 and 50 
mk;rons. 

25. An assembly as claimed In Claim 23 or 24. wherein 
said ink feed channel (24) and said plurality of ink 
chambers (28) have a selected depth of between 
approximately 20 and 30 microns. 

26. An ink jet printhead assembly for jetting a supply of 
ink onto a print medium, comprising; 

a printhead including a substrate (1 6) and a plu- 
rality of heater elements (18) mounted on said 
substrate; and 20 
a nozzle plate (14) attached to said printhead, 
at least one of said nozzle plate and said sub- 
strate at least in part defining an ink feed chan- 
nel (24), a plurality of ink chambers (28) and a 
plurality of throats (34), 2S 
said nozzle plate including a plurality of ink 
emitting orifices (20) and a plurality of non-emit- 
ting orifrces (22), each sakJ ink emitting orifice 
being associated with a respective one of said 
ink chambers and positioned adjacent to a re- 30 
spective one of said heater elements, each said 
ink chamber being in fluid communication with 
said ink feed channel at a first fluid port (30) and 
in fluid communicatkjn with one of sakJ non- 
emitting orifices at a second fluid port (32), 3S 
each said throat directly fluid ly connecting one 
of said non-emitting orifices with at least one of 
said ink emitting orifices. 

27, An assembly as claimed In Claim 26, wherein each 40 
said throat (34) flu idly connects one of said non- 
emitting orifices (22) with a respective one of said 

ink emitting orifices (20). 

28. An assembly as claimed in Claim 26, wherein each 45 
said throat (34) fluidfy connects one of sakJ non- 
emitting orifices (22) with a plurality of said ink emit- 
ting orifices (20). 
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